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[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] 

5 The present invention relates to a PDP display for 

increasing the gray scale level for a dark video image on a PDP 
(Plasma Display Panel) which displays a gray scale level using 
a subfield method. 
[0002] 

10 [Prior Art] 

For a PDP for displaying data using pulse discharge, in 
order to provide a gray level display^ such as a television video 
image, one field is divided into sub- fields corresponding to 
the individual bits of a digital video signal to be displayed, 

15 and pulse discharges are repeated in a number in proportion to 
the weight of each corresponding bit. While the number of gray 
levels can be increased by increasing the number of sub-fields, 
the scanning period for a displayed pixel is defined for each 
sub-field, so that display luminance is reduced. Therefore, 

20 when the consumption of power is constant, in principle there 
is a trade off between the number of displayed gray levels and 
the display luminance. Thus, while power consumption is also 
taken into consideration, it is difficult for an image, such 
as a television video image, the brightness of which is changed 

25 depending on time, to be presented on a screen at a satisfactory 
luminance and with more display gray levels. To obtain a 
satisfactory luminance without increasing the consumption of 
power, an insufficiency in the gray levels tends to occur. 
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especially on a dark video image which is visually remarkable, 
[0003] 

[Problems To Be Solved By the Invention] 

To resolve the conventional shortcoming^ it is one 
5 objective of the present invention to avoid the insufficiency 
in the gray levels on a dark video image which is visually 
outstanding, without increasing the power consumption or 
changing the maximum display luminance. 
[0004] 

10 [Means for Solving the Problems] 

A PDP display device comprises : 

lighting ratio calculation means for calculating a 
lighting ratio representing the number of true bits in each 
subfield of a digital video signal to be displayed; 
15 lighting ratio determination means, for determining 

whether the lighting ratio is smaller than a predetermined 
reference value; 

pattern determination means, for determining the effect 
that a subfield having a lighting ratio smaller than the 
20 predeteinmined reference value provides for a pattern in the 
pertinent subfield; and 

subfield drive sequence control means, for displaying a 
subfield having a weighted value 1/2 that of a subfield 
corresponding to the LSB (Least Significant Bit) of a video 
25 signal which is to be normally displayed, 

wherein a subfield having a lighting ratio smaller than 
the predetermined reference value and providing a small effect 
for a pattern in the pertinent field is displayed as a subfield 
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having a weighted value 1/2 that of the LSB (hereinafter 
referred to as a bit 1/2LSB)^ so that the problem is resolved 
which is related to an insufficiency in the gray levels on a 
dark screen which is visually outstanding. 
5 [0005] 

[Detailed Explanation of the Preferred Embodiments] 

The preferred embodiments of the present invention will 
now be described while referring to the drawings. Fig. 1 is 
a block diagram illustrating the essential portion of a PDP 

10 display device according to a first embodiment of the present 
invention. Fig. 2 is a timing chart of the subfields for a gray 
level display for the display apparatus. An A/D converter 1 
converts an input video signal SI into a digital video signal, 
and a subf ield generator 3 prepares a subf ield SF for which a 

15 lighting period is proportionate to the weight of each bit. 
When the number of bits for a normal display is, for example, 
6 bits, from bit 1 (LSB) to bit 6 (MSB), one field of the video 
signal SI is divided into six subfields, SFl to SF6, which 
correspond to the individual bits . And each of the subfields 

20 SFl, SF2, . . . consists of an address period for scanning each 
discharge cell in the PDP and a lighting period for an actual 
display discharge. For example, the subf ield SF6, which 
corresponds to bit 6, consists of an address period SF6a and 
a lighting period SF6s. The lighting period for each subf ield 

25 SFl, SF2, ... is supposed to be proportionate to the weight 
of its corresponding bit. In accordance with the arrangement 
of the subfields, a drive unit 4 performs scanning, such as for 
forming a wall charge at a pixel which is to be turned on in 
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a PDP 5 during each address period, and repeats the sustain 
discharge by the number of times which is proportionate to the 
lighting period. As a result, the video signal Si is displayed 
on the PDP 5. 
5 [0006] 

A digital video signal, output by the A/D converter 1, is 
stored in a field memory 2, and an MPU 6 reads data therefrom. 
Then, for each field, a lighting ratio calculator 7a calculates 
the number of true bits for each field, i.e., the bits 

10 corresponding to the pixels which are to be turned on. 

Thereafter, a lighting ratio determiner 7b determines whether 
the number of true bits is equal to or smaller than a 
predetermined reference value. When the number of true bits 
is equal to or smaller than 1% of the total pixels, it is 

15 ascertained that the lighting ratio is low. It should be noted 
that a small reference value can be set when the weight of a 
pertinent bit is large, and that a large reference value can 
be set when the weight of the pertinent bit is small. So when 
a subf ield having a small lighting ratio is detected, a further 

20 determination is made by a pattern determiner 7c to ascertain 
whether an upper bit having the same color as the pertinent bit 
is present. And when an upper bit is present, it is determined 
that a pattern to be displayed is little affected by the 
pertinent bit. 

25 [0007] 

If the lighting ratio determiner 7b detects a subf ield 
which has a lighting ratio smaller than the predetermined 
reference value and which little affects the pattern to be 
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displayed, a derived sequence controller 7d displays the 
pertinent subfield as a subfield SFl/2 which has a weighted 
value 1/2 that of the LSB. That is, the number of bits output 
by the A/D converter 1 is defined as being one bit greater than 
5 the number of bits which are normally displayed, e^g,, 7 bits, 
and a subfield SFl/2 is generated which corresponds to bit 0, 
or bit 1/2LSB, having a weighted value 1/2 that of bit 1. 
Subsequently , instead of the subfield described above, the 
obtained subfield SFl/2 is displayed on the PDF 5. For the 

10 determination of a pattern, the distribution of the locations 
of the pertinent bits on the display screen can be employed in 
addition to determine whether the upper bits are present. In 
this case, the pattern determiner 7c, under the control of the 
MPU 6, employs the data in the field memory 2 to calculate the 

15 distributions for the distances of the pixels to be turned on 
from the location of the center of gravity for the screen. When 
a distribution value is greater than a specific value, it is 
ascertained the pertinent field does not greatly affect the 
pattern and each such subfield is replaced with the subfield 

20 SFl/2, which corresponds to the bit 1/2LSB. 
[0008] 

Fig. 3 is a block diagram illustrating a PDF display device 
according to another embodiment of the present invention. As 
above, an A/D converter 1 converts an input video signal SI into 
25 a digital video signal, a subfield generator 3 generates a 
subfield, and a drive unit 4 displays the subfield on a PDP 5. 
Further, a lighting ratio calculator 8a reads data from a field 
memory 2 in which the digital video signal is stored, and employs 
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the data to calculate the number of true bits in each subf ield 
to obtain a lighting ratio. Thereafter , a lighting ratio 
determiner 8b ascertains whether the lighting ratio is smaller 
than a predetermined reference value, and a field including a 

5 subf ield having a lighting ratio which is smaller than the 
predetermined reference value is converted into a color for 
which the pertinent subf ield is not used. Furthermore, in the 
same manner as above, a drive sequence controller 8d displays 
the pertinent subf ield as a subf ield SFl/2, which corresponds 

10 to the bit 1/2LSB. 
[0009] 

According to an additional embodiment, a distribution 
calculator 8c employs the distribution of the bit locations on 
the display screen obtained in the same manner as described 

15 above, and displays, as subf ield SFl/2, a bit which satisfies 
not only a condition wherein its lighting ratio is small but 
also a condition wherein its distribution is greater than a 
predetermined value. The color conversion can be performed, 
for example, by an LUT (Look Up Table) 9, for which the entries 

20 are the output of the field memory 2, in which the digital video 
signal obtained by the A/D converter 1 is stored, the type 
consisting of the color and digit of a bit, and by which digital 
video signals to be displayed are output. 
[0010] 

25 [Advantages of the Invention] 

The present invention comprises : 

lighting ratio calculation means for calculating a 
lighting ratio representing the number of true bits in each 
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• 4 

subfield of a digital video signal to be displayed; 

lighting ratio determination means for determining 
whether the lighting ratio is smaller than a predetermined 
reference value; 

5 pattern determination means for determining the effect 

provided by the subfield having a lighting ratio smaller than 
the predetermined reference value for a pattern of the pertinent 
subfield; and 

subfield drive sequence control means for displaying a 
10 subfield having a weighted value 1/2 that of a subfield 

corresponding to the LSB of a video signal to be normally 
displayed, 

wherein a subfield having a lighting ratio smaller than 
the predetermined reference value and providing a only small 

15 effect for the pattern of the pertinent field is displayed as 
a subfield having a weighted value of 1/2 LSB. Thus, a subfield 
which is not important on the display screen is changed to a 
subfield of 1/2LSB. Therefore, when a bright image is displayed 
on a PDP, the gray level on a dark screen which is visually 

20 outstanding can be increased, so that an image having a superior 
image quality can be displayed. 



7 



